Introduction
[2] The magnetosphere of Jupiter is the largest physical entity in the solar system. It drives extremely intense auroral emissions [Clarke, 1996] and is an efficient accelerator of charged particles up to MeV energies [Zwickl et al., 1981; Krimigis, 1992] . Through largely unknown mechanisms these particles are released into interplanetary space and constitute an important source for the energetic heliospheric particle population and even for the highenergy electron population in the Earth's magnetosphere [Baker et al., 1996a; Krimigis et al., 1975] . Moreover, owing to fundamental differences compared to the magnetosphere of Earth, the Jovian magnetosphere is also a unique plasma laboratory. At Earth the plasma convection is driven primarily by the solar wind which also constitutes the main plasma source. In contrast, the Jovian magnetosphere is dominated by internal processes and plasma sources.
[3] The flybys of the Pioneer and Voyager spacecraft [Krimigis et al., 1981] gave initial support to theoretical models previously developed for magnetospheres of fast rotating bodies [Hill et al., 1981] . With the spacecraft Galileo in orbit around Jupiter since 1995 it was possible to show that the plasma convection in a substantial part of the Jovian magnetosphere is indeed driven by rotation [Krupp et al., 2001] . Furthermore, instead of being fed by the solar wind the Jovian magnetosphere is mainly supplied with plasma by internal sources, with the moon Io as the main contributor. It was thus postulated in early models incorporating the internal plasma source [Vasyli unas, 1983] , that the centrifugal force acting on heavily mass-loaded magnetic flux tubes will overcome the stress exerted by the magnetic field leading to flux tubes tearing off, a process unknown within the Earth's magnetosphere. The process leads to a breakdown of the rotational flow at a certain distance away from the planet preferentially in the magnetotail region and to the formation of tailward (and partly inward) flow of particles. First indications for such a behavior were seen in Voyager data [Krimigis et al., 1981; Nishida, 1983] and recently in Galileo data as radial flow bursts of energetic ions ]. Galileo has now scanned a large portion of the Jovian magnetotail and the data sampled allow for a more detailed investigation of these events.
Instrumentation
[4] Since insertion into orbit around Jupiter in December 1995, the orbit of Galileo has rotated from dawn to dusk, providing coverage of the Jovian magnetotail up to distances of 150 Jovian radii (R J , 1 R J = 71,400 km). In this study, data from the Energetic Particles Detector (EPD) are used. EPD consists of two double-headed detector systems, CMS and LEMMS, using Time-Of-Flight and magnetic deflection techniques to separate different ion species and also to separate electrons from ions. The measurable energy range is 15 keV to 11 MeV for electrons and 22 keV to 55 MeV for ions. The whole instrument is mounted on top of a turntable so that as the spacecraft rotates three-dimensional measurements can be made. A complete description of the instrument can be found in Williams et al. [1992] . In general, EPD provides measurements of up to 16 different directions covering nearly the whole unit sphere. A scan of the unit sphere is performed within 3 to 11 minutes dependent on the transmission rate to Earth. In this study we analysed the EPD data by using spherical harmonics where the resulting components are directly related to particle anisotropies. Under specific conditions the derived anisotropies are a measure of particle flow velocities [for a detailed discussion, see Krupp et al., 2001] .
Properties of Particle Flow Burst Events
[5] To summarize properties of the particle flow burst events, prominent examples are shown in Figure 1 . These events are detected with EPD in the Jovian deep tail region between 80 R J and 115 R J ]. The vector of the particle directional anisotropy as a measure for the particle flow direction and velocity exhibits spike like enhancements in its radial component. They are indicative of bursts of particles, which predominantly propagate away from the planet at high speed. At times bursts directed towards the planet also are observed. Small, simultaneous enhancements in the azimuthal component which are seen at times indicate that some of the flow bursts propagate not strictly radially but are closer aligned with the tail -Sun direction. These jets of particles disrupt the flow, which overall is in the direction of planetary rotation (corotation). The bursts show a pronounced intermittent behaviour.
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[6] The ion and electron energy spectra during the bursts show evidence for heating or acceleration of particles [see also Woch et al., 1999] . Lasting several 10s of minutes to a few hours and thus being relatively short in duration, these burst events are part of a large-scale instability of the Jovian magnetotail which takes several planetary rotations to develop [Woch et al., 1999] . The process starts with an increase of the plasma content of magnetic flux tubes, the onset of auroral emissions [Louarn et al., 1998 ] and magnetic perturbations with signatures indicative of magnetic reconnection. It evolves further leading to a complete change of the magnetic topology with a considerable thinning of the plasma sheet [Woch et al., 1999] . At least in certain aspects, it resembles substorm processes in the Earth's magnetosphere [e.g., Baker et al., 1996b] . respective average direction. Red dots denote inward flow bursts (towards Jupiter), blue dots outward (tailward) flow bursts. The figure demonstrates that flow bursts are a common phenomenon, (about 15% of the flow estimations satisfy the burst criterion). Furthermore, the burst events are concentrated in the post-midnight deep tail region. Inward bursts dominate closer to the planet, outward directed bursts further away from the planet. The transition from mainly inward to mainly outward directed bursts occurs at roughly 70 R J in the pre-dawn region and at 120 R J around local midnight. The transition establishes the most probable location of a separatrix or neutral line (indicated in Figure 3a) . The continuation of this line to the pre-midnight/dusk sector is unknown, due to a poor coverage of this sector by Galileo. For an improved visualization of these findings, Figure 3b shows a magnified version of four representative bins from different locations in the magnetosphere. They are taken from the postmidnight sector, inside and outside of the separatrix (at radial distances of roughly 95 R J and 125 R J ) and from pre-dawn and post-dusk at equal distances of 100 R J . The figure demonstrates that at a specific distance a clear transition from mainly inward to predominantly outward bursts occurs. Furthermore, burst events do not seem to be of importance at dusk, at least not at those distances visited by Galileo.
Statistical Study

Summary
[8] Corroborating earlier theoretical predictions, we found evidence that the Jovian magnetosphere supports a process, in which the system releases excess mass, angular momentum, and pressure permanently fed into the system by the efficient internal plasma sources. In accordance with these models, we found a predominance of the process in the dawn magnetotail region. The intrinsic properties, like strong plasma acceleration, and the existence of a statistical separatrix between inward and outward bursts, suggest that the release occurs in a magnetic flux tube reconnection process. Reconnection in the Jovian magnetotail sets in when mass loaded flux tubes are elongated by the centrifugal forces to such a degree that spontaneous merging of oppositely directed field lines through the thin current layer is enabled. The exact location of the separatrix is certainly not predicted by the earlier models. It will constitute an important parameter for future modeling attempts. Moreover, the process appears to be of transient, impulsive nature rather than being a continuous, steady state process. Such an intermittent process was also envisaged by the earlier models [e.g., Hill et al., 1981] . The burst events show a tendency to recur every 2 to 3 days. Such a recurrence period was also observed in plasma properties much closer to the planet ]. It probably reflects an intrinsic internal time constant for the loading/ unloading process of the Jovian system.
[9] We tentatively suggest that the particle flow burst events are part of the source process of the auroral dawn storms and auroral flares observed with the Hubble Space Telescope [Clarke et al., 1998; Waite et al., 2001] . The location of these auroral events is magnetically connected to the dawn sector of the outer magnetosphere at distances larger than 30 R J . Thus they are closely conjugate to the inward flow burst region. The energy density carried by the inward beams of accelerated particle is too low to account for auroral emissions of the reported extreme intensity. Thus they cannot be the direct source population for the emissions. However, the break-up of the magnetic topology of the tail associated with the bursts leads to a disruption of the cross tail current. In analogy to auroral substorms at Earth [Baker et al., 1996b] , the current will be partly diverted into the ionosphere and will drive intense auroral events.
[10] In addition to fundamental importance for the dynamics of the Jovian magnetosphere the process is also a straightforward mechanism to accelerate particles and release them into interplanetary space. It constitutes a very efficient source of impulsive nature for interplanetary Jovian particles.
